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.4bstrucr-- fire powder in tube process was u.scdto produce
silver -sheathedtapes ot’ “ll Ba~Ca2Cu@~+x ( N- 1223). ‘I”hc
p{~w(ler was produced by thalliatin~ a precursor powder
mixture to produce the ‘H-2223 phase and then heating to
drive ott’ excess ’11and reach the T1-1223 stoichiometry. ‘Ilc
tapes were rolled and pressed, each step rollowed with a .3h
sintennq. “The 200 pm thick tapes show Ilttle sign of
texturing: however. the criticaf current shows a small (-50%)
dependence on the direction of the applied magnetrc t’icld.
Both transport and magnetization measurerrts indicate
relauvelv strong pinrung at high tetnpcratui~s, Iltc 75 K sell

tield criucal current drmsitv is 62 MA/m2. Transport
measurements reveal the presence ot’ wezk links at all
tcmpertttures. but with a rehttrvelv w~iik tkld dcprmr.knee
;Ibovc =() 1T.

1,INTROD( JCTION

The development of conductors from I)lgh Tc
superconductors ( HTS) is controlled by mimv prr wrmes, oi
both materials (i. e. processing, phase equil, via) and
fundamental (intrinsic flux pinning, electronic srructL-e, etc. )
origin. Uich of the HTS materials cwrsdcred for applications.
YBa2C’uqo x (Y-123); the Bi-based compounds
Bi~Sr2(’ti(’u~ox (Bi-2212) and (13i,Pb)2S q(’it2(’UIOx

(Bi-2223): and the ‘rI-based (Tl,Pb)-( Ba,Sr)-(’a.(’u-()
(rcpresenrauve of which ‘11-2223, T1-1223, and “11-1212 will
be discussed here) has both good and bad features. ‘me
doubk Bi (or “II) planes separwe the (1-() planes thought m
bc responsible tor supercrmducttwtv m boti Ili syslcrns illld m
lhc L4)uhle Iir:{rx 1’1systems, ‘rhis lar~e scparatmn mny
prwall v decouple the superconducting vdumrx along Ihc
C-iiXIS dlrcctmn rmtltutg in “pancalw” magnmc wm]ccs and
matcnitls [hot show poor high- lcmpcritturc. htgh-licld
properues( 11 Matcrtitls with single “insulirtm~” liiv~rs such
M Y- 123 wrd 1’1-1223 iitt known {o hiiv~ hc(tcr properucs in
[his rt!gunc, (21 Wc report on H- 1223 ~)wdcr m tube tilW\[ 31
that show prommmg high lemperaurrc characwislws,

Il. EXPI;RIM?N1”}M,

quartz tube tor.3 hat 925°C to produce the II-2223 phase. In
:1series o! hearing stages near 900°C (at P@ - H30 Torr) with
mtermediare grindings, sufficient thallium was volatilized and
carried away in the tlowing oxygen gas to prnduce the desired
1’1-1223 phase. The powder was ch~actenzed by x-ray
di!fract.ron, microscopy, and ac and dc rnagneuc susceptibility.

The powder was ground to a median gram size of 18.6 pm
More tilling the 6.35 mm OD by 4.35 mm lD by 100 mm
long Ag tube, which WM then drawn to 1 mm diarn and rolled
m a thickness of 240 p.m. Following DTA studies of the as
rolled tape, It was determmed that no reacuon ocwt-ed with
the silver t’or temperatures below about tMO°C. After further
Invesugauon of processing parameters. the tape was sintcred
M 775°C for .3houis m !lowing L)Z, pressed at 1.2 GPa to a
tinal dimensmn ot 200 pm thick by -3 mm wide and then
resmtcred under the same conditions as bet’ore. The
microstructure was analyzed by optical microscopy. The
superconducting properties ot’ the tape were determined by
SQUID and ac mitgnetometry and by transport critical c!wren[
drmsity Jc measurements as a function ot’ temperature and
magnetic tielrJ using a 0.5 ~V/cm cmerirrn.

111.FU.NJLTS

‘The ‘[l- 1223 phase M produced after UN intermediate
formation of !he ‘II-2212 and T1-2223 phases and the
sub.sequent 10ssof thallium dumg the sintcnngs, ‘Ile powder
consists of ncarl;f single phase (bv X-riiv diffraction)
;Igglomeratr!s t)t vcrv small ‘1’1-1223 plalclcts wl(h a \miill
i~mount ot lla(lro~ impurttv. [Iv’ superconduct,rnfl tfitJISiUOIl
wrnperaturc ‘I’c of the powder m it 1 ml’ licld was -110 K
with a small tiiil ~p to -125 K indicitting the prcswrcc of some
11-2223 phase, In the L?pe. the pliitcl~t~wurc not obsmwl to
wxlure nor did they shrrw M much gram growth as is .sccttm
Bi.2223 tiqws, I’his is protraf’dv hccarrse of the k!sx grirphitic,
more three-dimcnswnal mum 0! rhc ‘1’1-I 223 cwsral structuw
imd the much shorter proccssmg [me m the tape (.+ h vs
- 100+ h Ior Bi-2223h rcspecuvclv, Most mall cracks wrxc
found to bed after the tirst smlcring swp hut larger ones
rcmwn, ‘1’hc void volume producrxl hy !hc t irst sinterin~ IS
p:rrtiidlv dccrcascd try thr! prcsslng S(CII thus improwng
c-ontwcuvit y (rind rhc Jc) t)f the core.

floth mlldsintered rind ,secondsup prcs,sedhinwred L~pr!s
~how a dc susccptihi]ity onset l’(. ii! 110 K. with ii trrwrdcr
width thiltl tiw th~ powder. l’hc slighly sharper Irasnsilion I(jr
:hc pressed uqw rclatiw! I(} IIN! rolh!d mdicalus pmssihic gremr
healing ol” Iht! damage t’rorn the mcchnmcal processing, I’c
@ tramtion widths from nc susccp[ihililv ot both powder
and pressed mpc nrc in Ro(d iigr~~tt~~t}t wilh the d{’
mcmsurcmcuts, I“hc vcrv broad It)ss pcnk m ~” dlifts iih(}lll
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1‘ig, 1 Nm-rrIdizd transport cnucal current dcnsltv Jc M 4 K
vs. angle for mapneuc tields below and above the weak

link reqlon. The Jc values at O“(H II c) are 49 MA/m2 and

4.2 MNm2 at 0097 T and ().95 T, respecuvely.

10 K at t = 500 Hz and M}H = I mT when the dc tield is
increased from () to 20 mT. The dc magnetic hvsterms loop
ot 35 K rematns open to much higtier tields than for Bi-2223
(> 5 T vs. 3 T’), irtdicatiry @at irrevt%slble behahmr (Jc *0)
cxtends over a much larger temperature-rnag nettc ticld region.
Thus the phase space tor pmcucal usageof conductorsbased
{m the ‘Il. 1223 system may be expected to extend to higher
lcmpemtures than for Bi-2212 or Bi-2223 based tapes.

Trmpon Jc rcstslL$yield il Vidueot 62 MA/m2 at 75 K imd
wit tkkltor the pres.d tape. I’his Viiluedwrtmes ~ul~klv at
Ii:hls hclow -(),1 T, inc!icaunft the pre.wnce ot wmtk links,
1lowever. the ticld dcpfx!encc above the low field rexmn
(i:ig. 1) is much weaker than tor 13i.2223 ilt the same
wm’perature ,am!mdicatcs the potenual apptscittion advantages
~)f’n-]223,

‘[’he current-voltage charswtcnstlcs at 4 K itnd 75 K ot’ a
[ape siimplc have been tilted to a power law ( [i;@)] = (

[J/Jo]fi, where E is the clecmc tichL J Lsthe current dcnshty,

and i~), J{),ml c arc nUUtC17CdmwtnL$ Jm the regmn - 10;()

10 10-7 V/m: above this t’iclti range, the characteristic dcmtrts
from n power law add some of the current may & shunted by
the sdvcr shctuh. ‘IIIc rtsults ot the tiL$ arc shown m Fig, 2;
[he shnrp drop m the n value occum m the .snmc(icld reflwn m
(he sharp drop in J1 iis!i{~titk(t wtlh [k hrwak down {)! the
wmtk links. lhc rel:d.tvclv constnnt n vnlue with field itbove
[his region, cspecudlv for the 1S K &t@, ngnm mdmttes tbc
cmmccttwlv 0! the rernaming cunent pnths as WCII as the
presence o! !itronR lntWUWtUIW plnnmg. I:tw a rouEhly
tx)mpnmblc qu:ihtv lli.2223/A~ t;tpe (7f K ,wli-tlckl J,. 01”160

M NI112) IT!, n values dc:iinr! much more rqmllv, dropping
twlow 2:11M K and 1 T (11 L c); hut the n v;duc IS limited

;I~}I bv In[ercranular weak links. but by Ihe weak mmnsw
ilUllllll Q w]tim the crams because Ot the vev smaAlacuvatmn
.nercv needed to overcome the pinnlne pomrmal of the
ltxwiv coupied pancake voruces.

‘Ile weak links were also apparem bv comparing the
magrwttc hvsterms loops tor the ground powder, WM!Iwhich
(he salver tube had been packed. with that of the tape: the
magne~uon did not state with the tape size. indicating that
[here were only smail intergrantdar currents because 01 the
weak links and that the true size of the magneuzatson current
loops was the gram size. Although no texture was awient
I“rom the meuulographic examination ot the tape secuons.
[here was evtdence or grain alignment m the dependence ot Jc
(m the onentauon of the magnetic tield to the tape plane. The
-$ K anguhtr itnlsotropy (= 50~o, both in and above the
weak-link region), with the huger value for the field in the
[;qx plane. clearly indicates this as sh~wn In Fig. 3.
Anisouopv wm also observed at 75 K.

IV. DISCUSSION

The lack of signiticam texturing m these i’I-1223 tapes
Icads to high-angie gram boundanes and weak-link behawor
very slmdar to that seen in Y-123. other workers have
reported sumhtr results on IT 1223 and T1-1212 based powder
in tube process tapes.13, 5] Efforts to improve gram
tilignment may be achieved by several approaches.
Preliminary experiments with T1/Bi-1212 powders have
produced nfi-titles with a plmy, high aspect ratio morphology
[81 cotqmred to the T1-1223 powders: this particle shape
should be more beneficial to deformation induced texturing.
Rolling the tapes to a smaller initial thickness, not possible in
the present experiment because ot’ particle size limitations,
may also result in increased texture. FhmIlv, increased gnun
growth, achieved by either sintcring for longer umes or at
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I;ig. 3 Transport crmcal current dcnsltv -lU iit selcctcd
temperatures vs. magnetic :icld L(}l{ :~ppl Ied

perpendmhr to the tape plane tor a pressed 1’1-1223rape.

higher temperatures or both, is cx~cted to result in larger
aspect grams and belter ahgnrnent. All of these subjects are
currently under mvesugation.

The upper limit of the achievable Jc m a tape can be
approximated by that 01 high qualitv thin films. Recently,
polycrysralhne spray pyrolized tilrrts ot T1-1223 on YSZ have

hem reported to reach 1000 MA/m2 at 7? K and self field and

100 MA/m2 at 65 K and 2 T.[91 These 2-3 pm thick films are
not single crystalline but do show a hi~h dccrer.! or c-axis
tcxturmrr. II)us such Jc wdues should dlso hC pOSSIhlC 11~ il

I(mg conductor If :1slmdar hwel 01 cram :dlgnmtmt cart hc
,whlcved.

V, CON(’LUSIONS”

Powder In tube proee~s tapes ot T1-1223 using il sllvcr
d]eath have &en prepared from SOIRJstate t’cactm precursor
powders which were then thidliitted, ‘Mc best results were
achieved on rapes mllwJ/sintcrcd ,andpres.sedAintered using iI
7750(!, 3 h heat treatment after each mechanical prxrcew I“hc
200 pm thick tiipes show ~bi.d high field prnperues (i. c,,
rclattvclv Ilat Jr-l I curve, i- 4 power iitw n valu~s oi 10) even
tit high tcmperatttres. Ile.se properocs rc~lcct the rclittivcly
large plnnintr energy O( these sln~lc insuhttirtg layer
supeworrthrctors, 1iowever, more work IS nccxicd to m~prtwc
the texttrnng dtrotr~h improvements In powder morpholnKy
iml Ihcrmomechamcal procewn~, itnd to rcducc the resultant
weak-liny, h ktvtor, iipp~nt m lhc rapid dr{)p t)t Jt. in ticlds
ICSS thnrr -() 1 T, and to turthcr mcremr, pmnutg at the hi~hcr
ICrnperatures.
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